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Raloxifene and teriparatide (hPTH 1-34) have complementary effects on 
the osteopenic skeleton of ovariectomized rats 

Abstract The skeletal efficacy of raloxifene (Ral) plus 
weekly teriparatide [recombinant human parathyroid 
hormone (1-34), TPTD] combinations relative to each 
treatment alone or sequentially were evaluated in oste- 
openic, ovariectomized rats. In the first study, 6-month-old 
Sprague-Dawley rats were ovariectomized (Ovx) and per- 
mitted to lose bone for 1 month before treatment for the 
following 3 months. Raloxifene (Ral, lmg/kg/day orally) 
was evaluated alone and in combination with TPTD (10 or 
30 ~tg/kg/week) administered weekly by subcutaneous injec- 
tion. QCT, biomechanical testing, and histomorphometry 
were used to quantitate skeletal effects. Weekly TPTD 
alone at either dose had no skeletal effect relative to Ovx. 
Daily Ral prevented further loss of vertebral bone mineral 
density (BMD), resulting in BMD that was significantly 
greater than Ovx, but significantly less than age-matched, 
sham-Ovx, vehicle controls (sham). The raloxifene plus 
30pg/kg/week TPTD group had vertebral BMD that was 
significantly greater than Ovx, Ral alone, and both TPTD 
dose-alone groups. Therefore, the Ral plus TPTD group 
completely restored bone mass to sham levels. Compression 
testing of lumbar vertebra L5 confirmed increased strength 
for both Ral plus TPTD combinations relative to Ovx, with 
strength not different from sham. Histomorphometry of the 
proximal tibial metaphysis showed that Ovx significantly 
increased eroded surface and bone formation compared to 
sham. Raloxifene treatment restored eroded surface and 
bone formation rate back to sham levels. Raloxifene plus 
TPTD at 30~tg/kg/week resulted in a significantly higher 
mineral appositional rate compared to Ral and sham, which 
was not different from Ovx and TPTD alone. Raloxifene 
plus TPTD at both doses had eroded surfaces that were 
significantly less than Ovx but not different from sham or 
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Ral alone. In a sequential study, 6-month-old Ovx rats were 
permitted to develop osteopenia for 2 months before a daily 
TPTD 80~tg/kg/day subcutaneous injection was initiated. 
Following 2 months of TPTD treatment, animals were 
either (1) continued on TPTD, (2) discontinued from 
TPTD, (3) switched to Ral 3 mg/kg/day, oral, or 17ct-ethynyl 
estradiol (EE2) 0.1mg/kg/day, oral, for another 2 months. 
Raloxifene and EE2 maintained most of TPTD-induced 
new bone in Ovx rats by preventing the increase in bone 
turnover rate after withdrawal of TPTD. Raloxifene also 
restored the elevated bone formation activity induced by 
TPTD to the level of sham. These data suggest that Ral and 
TPTD have complementary interactions in osteopenic, Ovx 
rats. Raloxifene inhibited bone resorption, and reduced 
high bone turnover without significantly retarding TPTD 
stimulation of bone formation activity. 
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Introduction 

Raloxifene (Ral), a selective estrogen receptor modulator 
(SERM), is currently approved for the prevention and 
treatment of osteoporosis in postmenopausal women. Clini- 
cal studies showed that Ral reduced the risks of new verte- 
bral fractures by 61% at 1 year [1] and by 55% at 3 years 
[2,3]. Raloxifene prevents bone loss by inhibiting bone re- 
sorption activity and reducing bone turnover. In preclinical 
studies, Ral was demonstrated to prevent bone loss, pre- 
serve bone strength, and reduce serum cholesterol without 
causing uterine hypertrophy in ovariectomized rats [4-6]. 
Histomorphometric analyses showed that Ral reduced 
osteoclast-mediated bone resorption and turnover without 
significantly depressing bone formation [7]. 

Although antiresorptive agents are powerful tools for 
minimizing bone loss and reducing fracture incidence, bone 
formation agents have been shown to have the abifity to 
rebuild lost bone mass, restore bone architecture, and 
enhance bone strength. Therefore, bone formation agents 



may provide greater benefit for those patients with estab- 
lished osteoporosis or patients who do not respond well to 
antiresorptives. Teriparatide [recombinant human parathy- 
roid hormone (1-34), TPTD] is currently approved for the 
treatment of osteoporosis in the United States and Europe. 
Teriparatide has been shown to stimulate new bone forma- 
tion, resulting in rapid gains in bone mass with improved 
skeletal architecture in osteoporotic patients, while reduc- 
ing the risk for both vertebral and nonvertebral fractures 
[8,9]. TPTD was shown clearly to stimulate mineral apposi- 
tion onto trabecular, endocortical, and periosteal surfaces 
in rats [10-13] and nonhuman primates [14-16]. 

Emerging therapies consisting of simultaneous combina- 
tions or sequential treatment with mechanistically different 
drugs offer the possibility of enhancing the therapeutic effi- 
cacy and reducing the potential side effects of each com- 
pound. This is true because it may be possible to achieve the 
desired therapeutic efficacy or reduce side-effect incidence 
by lowering doses for each agent or decreasing the dosing 
frequency of one or both agents. The purpose of this study 
was to examine the skeletal effects of Ral and TPTD in 
combination and in sequence in osteopenic, ovariectomized 
(Ovx) rats. The Ovx rat model has proven to be extremely 
useful in the mechanistic analysis of a variety of pharmaco- 
logical agents. This model has permitted higher resolution 
and mechanistic analyses of dynamic and cellular processes 
for bone agents with greater precision and accuracy than 
presently possible in clinical studies. Furthermore, multiple 
laboratories have shown that skeletal response to various 
bone agents in Ovx rats is predictive of clinical efficacy in 
women with postmenopausal osteoporosis. In our studies, 
raloxifene HC1 was administered in combination with 
weekly TPTD or in sequence, after the discontinuation of 
TPTD treatment. Results were then compared to each 
treatment alone. 

Materials and methods 

Animals and dosing regimens 

Six-month-old, virgin Sprague-Dawley female rats (Harlan 
Industries, Indianapolis IN, USA), weighing -220g ,  were 
housed with ad libitum access to food (TD 89222 with 0.5% 
calcium and 0.4% phosphorus: Teklad, Madison, WI, USA) 
and water. Bilateral ovariectomies were performed on 
the rats, except for the sham-operated controls, and then 
randomized into treatment groups of seven or eight rats in 
each group. For experiment 1, Ovx rats were permitted to 
lose bone for 1 month to establish osteopenia before the 
treatments were initiated. Ovx animals were administered 
daily with Ral 1 mg/kg/day p.o. or weekly TPTD 10 or 30~g/ 
kg/week s.c. alone and combination for 3 months. In experi- 
ment 2, 6-month-old rats were ovariectomized and permit- 
ted to develop osteopenia for 2 months, after which animals 
were treated for 2 months with TPTD 80 ~tg/kg/day by sub- 
cutaneous injection. Following 2 months of TPTD treat- 
ment, animals were either (1) continued on TPTD, (2) 
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discontinued from TPTD, (3) switched to Ral 3 mg/kg/day, 
oral, or 17c~-ethynylestradiol (EE2) 0.1 mg/kg/day, oral, for 
another 2 months. Age-matched sham-Ovx and Ovx con- 
trols were included in all the studies and were treated with 
respective vehicles. 

Raloxifene (Eli Lilly) and 17ct-ethynylestradiol (Sigma) 
were prepared in 20% hydroxypropyl-[%cyclodextrin as ve- 
hicle: TPTD (Eli Lilly) was prepared in a vehicle of sterile 
0.15M NaC1 with 0.001N HC1 and 2% heat-inactivated 
rat serum. All rats were given subcutaneous injections of 
double fluorochrome label of calcein (10mg/kg; Sigma, 
St. Louis, MO, USA) at 14, 13, 4, and 3 days before 
being killed. All protocols were approved by the Animal 
Committee of Lilly Research Labs to ensure compliance 
with NIH guidelines. 

At death, tibiae and femora were removed, cleaned of 
soft tissue, fixed in 10% formalin for 48h, then stored at 
4°C in 70% ethanol. Lumbar vertebrae 4 through 6 were 
removed and stored for later analyses by micro-computed 
tomography (micro-CT) or biomechanical testing. 

Peripheral quantitative computed tomography (pQCT) 
analysis of proximal tibial metaphysis 

To kinetically monitor the bone change, a 960A pQCT 
loaded with Dichte software version 5.2 (Norland/Stratec, 
Fort Atkinson, WI, USA) was used to scan the proximal 
tibial metaphysis monthly during the treatment period for 
study 1, using voxel dimensions of 150 × 150 x 1000~tm 
as described previously [6]. Bone mineral density (BMD), 
mineral content (BMC), and cross-sectional area were 
evaluated. 

Micro-computed tomography (micro-CT) analysis of 
lumbar vertebra 

Lumbar vertebra (L4) was analyzed using a high-resolution 
micro-CT (Norland/Stratec, Fort Atkinson, WI, USA) with 
voxel dimensions of 0.05 × 0.05 × 1 mm. Excised vertebrae 
in 50% ethanol/saline were wrapped in parafilm, centered 
with respect to the QCT gantry, and a coronal scout-scan 
was generated first in two dimensions (2D). Lumbar verte- 
bra 4 was scanned along the midtransverse plane to mea- 
sure BMD, BMC, and cross-sectional area as previously 
described [6]. 

Histomorphometry 

Proximal tibiae were dehydrated in a graded ethanol, defat- 
ted in acetone, and embedded in methylmethacrylate. Lon- 
gitudinal sections 20~tm thick were prepared for analysis. 
Measurements were performed on the entire marrow 
region within the cortical shell between 1 and 4mm distal 
to the growth plate-metaphyseal junction using an Image 
Analysis System (Osteomeasure, Atlanta, GA, USA). 
Trabecular area, perimeter, single- and double-labeling 
surfaces, and eroded surface were measured, and trabecular 
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number ,  thickness, separat ion,  minera l  apposi t ional  rate,  
bone format ion  ra te-bone volume (BFR/BV),  and BFR-  
surface reference (BFR/BS) were calculated as described 
previously [13,17]. 

Biomechanical  testing of femur and L5 

Mechanical  proper t ies  of L5 ver tebrae  were analyzed after 
the pos ter ior  processes were r emoved  and the ends of the 
centrum were made paral lel  using a d iamond wafering saw 
(Buehler  Isomet ,  Evanston,  IL, USA) .  Ver tebra l  specimens 
were loaded  in compression,  using a mater ial  testing 
machine (model  661.18c-01; MTS, Minneapolis ,  MN, U S A )  
and analyzed using Tes tWorks  4 software (MTS). The com- 
pressive load was applied through a pivoting platen to cor- 
rect for possible nonparal le l  a l ignment  of the faces of the 
ver tebral  body,  as previously descr ibed [18]. 

Statistics 

Data  are presented  as mean _ SD. Group  differences were 
assessed by analysis of variance ( A N O V A )  with pairwise 
contracts examinat ion.  Fisher 's  p ro tec ted  least significant 
difference test (PLSD) was used to compare  the differences 
between the groups, where the significance level for the 
overall  A N O V A  was P < 0.05. 

Results 

Effects of daily Ral  combined with weekly  TPTD in 
osteopenic,  Ovx rats 

The os teopenic  Ovx rat model  of osteoporosis  was used 
to ascertain whether  Ral  combined  with weekly TPTD 
was super ior  to ei ther t rea tment  a lone in the skeleton. 
Osteopenic  Ovx rats were t rea ted  with daily Ral  lmg/kg ,  
weekly TPTD 10 or 30 ~tg/kg, or  the combinat ion of Ral  plus 
ei ther dose of TPTD for 3 months.  As  seen in Fig. 1, ova- 
r iectomy induced a significant loss of ver tebral  B M D  
( - 1 5 % )  compared  to sham. Week ly  t rea tment  with low 
doses of TPTD 10 or 30~tg/kg had no effects on ver tebral  
BMD relat ive to Ovx. Ral  t rea tment  part ial ly p reven ted  
Ovx-induced bone loss, with ver tebra l  BMD that was 
greater  than Ovx but less than sham. Ral  combined with 
TPTD 10~tg/kg/week significantly res tored  lumbar  B M D  
compared  to TPTD alone and Ovx and was not different  
from sham. Ral  combined with weekly  TPTD 30 ~tg/kg/week 
further improved  lumbar  BMD beyond  Ovx, TPTD alone 
at ei ther  dose,  and Ral  alone (Fig. 1). 

Load  to failure analysis of lumbar  ver tebra  L5 showed a 
significant weakening of ver tebral  s trength ( -  24 %) for Ovx 
compared  to sham (Fig. 2). Week ly  TPTD at ei ther dose 
alone had no abili ty to s t rengthen the ver tebra  relative to 
Ovx. Ral  was able to prevent  ver tebra l  s trength loss induced 
by Ovx; Ral  plus TPTD at ei ther  dose complete ly  res tored 
ver tebral  s trength beyond Ovx to sham levels in these 
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Fig. l.  Micro-computed tomography (micro-CT) analyses of bone 
mineral density (BMD) in lumbar vertebrae. Raloxifene (Ral) daily 
and teriparatide (TPTD) 10 or 30~tg/kg weekly alone or combination 
were given at 1 month postovariectomy (post-Ovx) and continued for 
3 months (n = 7-8). Plots are mean _+ SD. Significant differences from 
sham, Ovx controls, Ral, and TPTD are designated as s, o, r, and p, 
respectively (P < 0.05). Ral partially prevented Ovx-induced bone loss, 
whereas weekly TPTD had no effects on lumbar vertebrae. Combina- 
tion of Ral with TPTD resulted in a significant enhancement in the 
lumbar BMD over TPTD and, at the TPTD dose of 30 ~tg/kg, over Ral 
alone 
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Fig. 2. Biomechanical analyses of bone strength in lumbar vertebrae. 
Raloxifene (Ral) daily and teriparatide (TPTD) 10 or 30 ~tg/kg weekly 
alone or combination were given at 1 month post-Ovx and continued 
for 3 months (n = 7-8). Plots are mean _+ SD. Significant differences 
from sham, Ovx controls, Ral, and TPTD are designated as s, o, r, and 
p, respectively (P < 0.05). Ovariectomy significantly weakened bone 
strength compared to sham control. Ral prevented Ovx-induced 
strength loss whereas weekly TPTD had no effect on lumbar vertebrae 
strength. Combination Ral with TPTD resulted in an enhancement in 
bone strength over TPTD alone, which was not different from sham 
controls 

os teopenic  ovar iec tomized rats, with the ver tebra l  s trength 
tending to be higher than Ral  alone (Fig. 2). 

H i s tomorphomet ry  of the proximal  tibial metaphysis  
(PTM) showed that  ovar iec tomy significantly increased 
e roded  surface (ES/BS), mineral  apposi t ional  rate  ( M A R ) ,  
and bone format ion rate  (BFR/BS) compared  to age- 
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Fig. 3. Mineral appositional rate (MAR) (A) and bone formation 
rate (BFR) (B) in proximal tibial metaphyses  (PTM) analyzed by 
his tomorphometry .  Raloxifene (Ral) daily and teriparatide (TPTD)  10 
or 30[tg/kg weekly alone or combinat ion were given at 1 mon th  post- 
Ovx and continued for 3 mon ths  (n = 7-8). Plots are mean  _+ SD. 
Significant differences f rom sham, Ovx controls, Ral, and TPTD are 
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designated as s, o, r, and p, respectively (P < 0.05). Ral and sham had 
similar BFRs that were significantly decreased compared to Ovx. 
Weekly TPTD resulted in no change in BFRs compared to Ovx con- 
trol. Combination of Ral with TPTD gave BFRs similar to Ral alone 
but MARs more similar to TPTD alone 
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Fig. 4. Eroded surface (ES/BS, eroded surface vs. bone surface) in 
proximal tibial metaphyses  (PTM) analyzed by his tomorphometry .  
Raloxifene (Ral) daily and teriparatide (TPTD)  10 or 30 ~tg/kg weekly 
alone or combinat ion were given at 1 month  post-Ovx and continued 
for 3 months  (n = 7-8). Plots are the mean  _+ SD. Significant differ- 
ences from sham, Ovx controls, Ral, and TPTD are designated as s, o, 
r, and p, respectively (P < 0.05). Ovariectomy increased eroded sur- 
face; Ral decreased eroded surface to sham levels; weekly TPTD re- 
sulted in no change in eroded surface compared to Ovx control; and 
combinat ion of Ral with T P T D resulted in eroded surface levels similar 
to Ral alone 

matched sham controls  (Figs. 3, 4), respectively. Ral  treat-  
ment  res tored e roded  surface and bone format ion  rate to 
sham control  levels. TPTD at 10 or 309g/kg/week had ES, 
M A R ,  and BFR/BS that  were not different  from Ovx 
controls. Ral  plus TPTD at 10 or 30~g/kg/week had ES and 
BFR/BS that were largely less than Ovx but  not  different  
from sham or Ral  alone. Ral  plus TPTD 30 ~tg/kg/week had 
an M A R  significantly higher than sham or Ral  alone and 
not  different from Ovx controls  (see Fig. 3). Trends  sug- 

gested that  the Ral  plus TPTD combinat ion  res tored bone 
mass and strength by suppressing bone resorpt ion activity 
as did Ral  alone,  while suppressing bone format ion activity 
to a lesser extent  than Ral  alone. 

Sequential  t rea tment  effects of TPTD followed by Ral  in 
osteopenic  Ovx rats 

To evaluate  the ability of Ral  to mainta in  the newly formed 
bone after TPTD treatment ,  a sequent ia l  study with TPTD 
t rea tment  fol lowed by Ral  or EE2 t rea tment  was conducted 
in os teopenic  Ovx rats. Rats  were ovar iec tomized and were 
permi t ted  to lose bone for 2 months  before  t rea tment  for 
2 months with TPTD 80~tg/kg/day. Longi tudinal  analysis 
of the PTM showed that 2 months  of TPTD t rea tment  
marked ly  increased BMD 58% and 27% compared  to Ovx 
and sham controls,  respectively (Fig. 5). Animals  discontin- 
ued from TPTD and switched to vehicle exhibited a 23% 
drop in bone  mass after 2 months,  which was no longer  
different from age-matched sham controls. Switching to 
Ral  or  es t rogen largely a t tenua ted  bone loss, compared  
to TPTD-discont inued  animals. By contrast,  a further  2 
months of addi t ional  TPTD t rea tment  resulted in a further 
8% increase in BMD. 

Dynamic  h i s tomorphomet ry  of the proximal  tibial meta-  
physis confirmed an increase in bone turnover  rate  of Ovx 
relative to sham at the terminat ion  (Fig. 6). Bone turnover  
rate after TPTD t rea tment  for 4 months was significafitly 
lower than Ovx control  and was not  different from sham. 
However ,  a 290% increase in bone turnover  rate re la ted 
to Ovx was observed following discontinuat ion of TPTD 
treatment .  Both Ral  and EE2 successfully prevented  the 
marked ly  increased bone turnover  rate  induced by with- 
drawal  of TPTD treatment.  Bone  format ion rate was 
e levated by Ovx and TPTD t rea tment  and was res tored to 
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the levels observed in the sham controls  by both Ral and 
EE2 (Fig. 6). 

Discussion 

Results from the current study are consistent  with previous 
reports  demonst ra t ing  a bone protect ive  effect with Ral in 
Ovx rats [4-7,19]. Ral  has been shown to fully protect  Ovx- 
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Fig. 5. Longitudinal scanning of bone mineral density (BMD) in pro- 
ximal tibial metaphyses by peripheral quantitative computed tomo- 
graphy (pQCT). Teriparatide (TPTD) 80~tg/kg/day treatment was 
initiated to Ovx rats, which had been permitted to develop osteopenia 
for 2 months (loss ~ restore phase). TPTD treatment produced 
marked increases of BMD compared to Ovx and sham controls. Con- 
tinuous TPTD treatment further increased BMD, whereas animals 
discontinued from TPTD exhibited a rapid drop in BMD to sham 
controls. Raloxifene (Ral) or 17a-esthynyl estradiol (EE2) largely pre- 
vented the BMD loss (maintain phase). Plots are the mean _+ SD. 
Significant differences from sham, Ovx controls, and previous treat- 
ment groups are designated as s, o, and #, respectively (P < 0.05) 

induced loss of t rabecular  bone and preserve bone  strength 
in the proximal tibia and lumbar  ver tebra  in prevent ion 
models  of pos tmenopausa l  osteoporosis  [4-7,20]. This 
protect ive effect was accompanied  by preservat ion of t rabe-  
cular  bone architecture to sham levels, as evidenced by the 
maintenance of t rabecular  area, number,  and separa t ion  
[4,7,20]. Ral prevented  Ovx-induced bone loss by inhibiting 
osteoclas t -mediated bone resorption,  while maintaining 
bone formation activity at about  sham levels. In the current  
exper iment ,  Ral  was shown by quanti tat ive computed  
tomography  (QCT),  h is tomorphometry ,  and biomechanics  
to prevent  Ovx-induced further bone loss in the proximal  
t ibia and ver tebra  and weakening of bone s t rength after 
3 months  t rea tment  in osteopenic  rats. However ,  similar 
to o ther  ant iresorptive agents,  Ral  failed to comple te ly  re- 
store lost bone to sham levels in animals with establ ished 
osteopenia.  

Once-dai ly  adminis t ra t ion of TPTD was shown previ- 
ously to stimulate minera l  apposi t ion onto t rabecular ,  
endocort ical ,  and per ios tea l  surfaces, resulting in improved 
t rabecular  and cortical bone  architecture and enhanced 
bone  strength to an extent  beyond what has been  observed 
with antiresorptive agents in pat ients  and rats [8-13]. Once- 
weekly  adminis trat ion of PTH(1-34) was shown previously 
to significantly increase bone mass in pos tmenopausa l  
women with osteoporosis  [21]. In that study, 100 and 200 
units of PTH induced 3.6% and 8.1% increases in ver tebral  
BMD,  respectively, after 48 weeks of t rea tment .  By 
contrast ,  our study showed that  once-weekly PTH (TPTD 
10 and 30~tg/kg/week) had no significant effect on the rat  
skele ton after 3 months t reatment .  Previously, Gasser  and 
Je rome repor ted  that the anabolic  effect of PTH depends  
on the frequency of administrat ion.  The bone mass induced 
by high-dose PTH(1-38) (400gg/kg) was 50% less when 
given every fourth day relat ive to daily t rea tment  in rats 
[10]. The difference be tween  the human and rat  studies are 
most  likely not  the result  of differences in pharmacokine t -  
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Fig. 6. Bone formation rate (A) and turnover rate (B) in proximal 
tibial metaphyses (PTM) at the termination of the experiment as ana- 
lyzed by histomorphometry. Teriparatide (TPTD) 80 gg/kg/day treat- 
ment was initiated to Ovx rats that had been permitted to develop 
osteopenia for 2 months (restore phase). Then, animals were either (1) 
continued on TPTD. (2) discontinued from TPTD, (3) switched to 

raloxifene (Ral, 3 mg/kg/day) or 17¢x-ethynyl estradiol (EE2, 0.1 mg/kg/ 
day) for 2 more months (maimain phase). A marked increase in bone 
turnover rate was seen in the discontinued-TPTD group, which was 
prevented by both Ral and EE2. Bone formation activity was elevated 
by Ovx and TPTD treatment, and was restored to the levels observed 
in the sham controls by both Ral and EE2. VEH, vehicle 



ics, as it has been demonstrated that the pharmacokinetics 
of subcutaneous TPTD are fairly similar between rat and 
human [22,23]. However, based on the faster bone forma- 
tion rate and resorption activity in rodents, perhaps part of 
the explanation is that 1 week in rats is far longer than 1 
week in humans. Whether a combination with a higher dose 
of weekly TPTD results in a better effect need to be studied. 
We hypothesized that a combination of Ral with TPTD may 
have advantages in terms of skeletal efficacy over either 
treatment alone, because Ral and TPTD have mechanisti- 
cally different but perhaps complementary modes of action. 
Specifically, TPTD has been shown to activate bone lining 
cells [24], promote the differentiation of osteoblasts from 
precursors [25,26], and inhibit osteoblast apoptosis [27] 
while eventually stimulating osteoclast differentiation as 
resorption is coupled with formation activity [10,11,28]. 
Ral has been shown to inhibit osteoclast differentiation, 
osteoclastic number, and eroded surface [7,29], while hav- 
ing mild effects on bone formation rate and bone turnover 
[6,7]. Therefore, we hypothesized that Ral would have 
little effect on TPTD enhancement of osteoblast number 
and activity while retarding TPTD stimulation of osteoclast 
differentiation. 

In our study, raloxifene plus weekly TPTD dose depen- 
dently increased vertebral bone mass over Ovx vehicle 
controls, TPTD alone, and Ral alone. The Ral plus TPTD 
combinations also had superior bone strength compared to 
Ovx and TPTD alone. However, bone histomorphometry 
revealed that, at study termination, neither bone formation 
nor resorption was altered in combination groups when 
compared to the respective treatment alone. Therefore, 
perhaps the combination effects on formation and resorp- 
tion activity occurred earlier than 3 months after treatment 
initiation. This is possible, as Gasser noted that the kinetic 
effects of PTH on histomorphometry parameters typically 
occur within the first month in rats [10]. In addition, 
histomorphometry confirmed that a weekly dosing regimen 
was apparently too long an interval for TPTD to maintain 
stimulation of formation activity in our rat study. 

It has been shown that the discontinuation of PTH in rats 
leads to a rapid loss of bone gained [30,31]. In the sequential 
experiment, the ability of Ral to maintain the TPTD-added 
bone after withdrawing the TPTD treatment was evaluated. 
The data indicated that the cessation of TPTD resulted in a 
markedly increased bone turnover rate in Ovx rats, which 
led to a rapid bone loss. Ral and EE2 maintained a bone 
turnover rate similar to sham and therefore retained 90% 
and 87% of the TPTD-formed bone, respectively, in the 
proximal tibial metaphysis. Bone formation rate was not 
excessively suppressed and was maintained at the sham 
level. 

In summary, daily Ral was shown to complement weekly 
TPTD to increase bone mass, improve spatial architecture, 
and enhance bone strength in osteopenic Ovx rats. Ral 
inhibited osteoclast bone resorption without significantly 
retarding TPTD stimulation of bone formation activity. 
Furthermore, Ral was effective at delaying the new bone 
lose induced by once-daily TPTD treatment by reducing the 
bone turnover following the discontinuation of TPTD treat- 
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ment in Ovx rats. Because significant physiological differ- 
ences exist between rodents and humans, especially for cor- 
tical bone sites, future clinical trials are necessary to clarify 
the human implications of these animal data. 
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